Abstract: Cocoyam (Colocasia esculenta) flour was cooked and extruded in a single screw extruder (DD85G, 201132, IBG Monforts Gmbhi & Co, D-4050 Monchengladbach, Germany). A second order central composite response surface design was adopted in designing the experiment which generated 20 runs on selected process parameters including feed moisture (22,24,26%), screw speed (60,70,80rpm) 
0.1% potassium metabisulphite solution for 3hrs. The sulphited chips were dried in cabinet dryer at 60 0 C for 24 hours, milled in attrition mill, and sieved (600μm) into flour.
The cocoyam flour was stored in high density polyethylene films until processed.Before extrusion, cocoyam flour (500g) was rehydrated according to each moisture content (Table 1) by calculated amounts of water being sprayed into each sample. After that, the samples were sealed in high density polyethylene films and kept at ambient temperature for 12h to reach homogeneous moisture distribution.
Extrusion process
The cocoyam flours were extruded using a single screw extruder (model 1993 DD85G, 201132, IBG Monforts Gmbhi & Co, D-4050 Monchengladbach, Germany). The extruder was equipped with 254mm barrel, a screw diameter of 200mm and was fitted with a die nozzle of 4mm diameter. The rehydrated samples were then extruded and the extrudates were cooled to room temperature and sealed in high density polyethylene films until measurements were taken.
Experimental design
A centre composite RSM design was used to show interactions of feed moisture, screw speed and temperature on the extrudates. This comprised of 20 runs, of which six were centre point and 14 for non-centre point (16) . 11 -β 33 and β 12 -β 23 are regression coefficients for interception, linear, quadratic and interaction coefficients, respectively, X 1 -X 3 are coded independent variables and Y is the response (17) . An Anova test was carried out using Design Expert 6.0.8 (Stat-Ease Inc., Minneapolis, USA) to determine the significance at different levels (0.1%, 1% and 5%) (16).
2.4
Physical and function properties of cocoyam extrudates 2.
Bulk density
The bulk density was calculated by measuring the actual dimensions of the extrudates according to the method described by Ding et al. (13) . The diameter and length of the extrudates were measured using vernier caliper. The bulk density was then calculated using the following formula,
x L where: M= Mass (g), D= diameter (cm), L= length (cm). Six replicates of extrudates were randomly selected and an average taken.
Expansion Ratio
The ratio of diameter of extrudate and the diameter of die was used to express the expansion of extrudate according to Ding et al., (13) . Six replicates of extrudates were randomly selected and an average taken.
Water absorption index (WAI) and Water solubility index (WSI)
The WAI and WSI were measured using the method of Ding et al., (13) . The extrudate samples were milled and sieved through 600μm sieve. 2.5g samples was dispersed in 25ml distilled water, using glass rod to break up any lumps and then stirred for 30min, centrifuged at 4000rpm for 15 mins. The supernatant was decanted into an evaporating dish of known weight and dried at 105 0 C until constant weight. The weight of the
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Hardness
The hardness measurement was determined by using Erweka (Gmbh D 63150, TBH200, Heusenstamm /Germany) hardness tester fitted with a 2mm cylinder probe. The samples were punctured by the probe to a distance of 6mm and the hardness recorded.
III.
Results And Discussion
Effect of Extrusion Parameters on Bulk Density
The effect of extrusion parameters on extrudates density are shown in 3-D surface plot (Fig. 1) . The bulk density of the extrudates increased at high feed moisture content and decreases at high barrel temperature. The model for bulk density (R 2 = 0.763) had positive quadratic terms (moisture content and temperature) and negative quadratic term (screw speed). There were negative linear terms (moisture content and screw speed) and positive linear term (temperature). The bulk density was significantly (p<0.05) affected by feed moisture and temperature (X 1 and X 3 ). The increase in bulk density at high feed moisture during extrusion of cocoyam flour could probably be due to a reduction in the elasticity of the dough through plasticization of the melt, causing reduction in gelatinization and increase in the density of the extrudates as confirmed by Ding et al., (13) . High barrel temperature could have increase the degree of superheating of water in the extruder which encourage the bubble formation and a decrease in melting viscosity (18) leading to reduced density in all the extrudates.
Effect of Extrusion Parameters on Expansion ratio
The expansion ratio of extrudates decreased at high feed moisture content while high barrel temperature increases the expansion ratio of the extrudates. The regression model for expansion ratio was R 2 = 0.765. There were significant negative quadratic effect (moisture content, screw speed and temperature), positive linear effects (moisture content and temperature) and negative linear effect (screw speed). The expansion ratio was significantly (p<0.05) affected by X 3 and X 1 2 (temperature and quadratic effect on feed moisture). Decrease in expansion ratio at high feed moisture content during extrusion could have lead to changes in the amylopectin networks and in the melting rheology characteristics leading to greater elastic effect and changes in product density and expansion. High barrel temperature could have decreased the melt viscosity and the degree of superheating of water in the extruder leading to greater expansion in the cocoyam extrudates (18, 19) .
Effect of Extrusion Parameters on WAI and WSI
High feed moisture content and screw speed significantly increases the WAI of the extrudates. However, high barrel temperature was observed to cause a significant decrease in WAI of the extrudates. The regression model for WAI (R 2 = 0.896) shows a significant positive quadratic effects (moisture content, screw speed and temperature), negative linear effect (moisture content) and positive linear effects (screw speed and temperature). The WAI was significantly (p<0.05) affected by X 3 , X 2 2 and X 3 2 (temperature, quadratic effect on screw speed and temperature) .
WSI decreased at high feed moisture content but increased significantly at high barrel temperature of the extrudates. The regression model for WSI (R 2 = 0.882) shows significant positive quadratic terms (moisture content, screw speed and temperature) and negative linear terms (moisture content, screw speed and temperature). The WSI was significantly (p<0.05) affected by X 3 and X 1 2 (temperature and quadratic effect on feed moisture) . During the extrusion of the cocoyam flour, water is absorbed and bound to the starch molecule with a resulting change in the starch granule structure. Barrel temperature and feed moisture was observed to have the greatest effect on gelatinization. The maximum gelatinization could occur either at low moisture content and high temperature or vice versa as reported by Ding et al., (13) . Decrease in WAI could probably be due to dextrinization, which also could have led to increase in WSI.
Effect of Extrusion Parameters on Hardness
An Increase in feed moisture content caused an increase in the hardness of the extrudates, while increasing in screw speed and barrel temperature resulted in a decrease in hardness of the extrudates. The regression model for texture (R 2 = 0.870) shows significant positive quadratic terms (moisture content and screw speed), negative quadratic term (temperature), positive linear term (moisture content) and negative linear terms (screw speed and temperature). The texture was significantly (p<0.05) affected by X 1, X 3 , X 1 2 , and X 2 2 (feed moisture, temperature, quadratic effect on feed moisture and screw speed) . The hardness is the average force required for a probe to penetrate the extrudates. Increase in hardness of the extrudates with an increase in feed moisture content could probably due to decreased in expansion which resulted in increase in moisture content (20) . Increasing temperature causes decrease in hardness which could be due to reduction in melting viscosity favouring bubble growth, increasing expansion and lowering the density giving a softer extrudates. An increase in screw speed could have lowered the melting viscosity of the mix resulting in a less dense and softer extrudates. 
Conclusion
The functional and physical properties of cocoyam extrudates on single screw extrusion process were dependent on the process parameters. The feed moisture and barrel temperature had significant effect on the extrudates properties, with feed moisture content having the greatest influence.
